The role of IL-4, -6 and -7 in the survival of T lymphocytes was studied in vivo. The decay of polyclonal populations of CD4 ⍣ and CD8 ⍣ T cells was monitored in thymectomized anti-cytokine receptor mAb-treated and/or cytokine-deficient mice. The lack of IL-4 or -6 did not have any detectable effect on T cell survival, but IL-7 played an important role in the survival of the naive T cell compartment, especially of naive CD4 ⍣ T cells.
Introduction
Like most cells in multicellular organisms, T lymphocytes some studies, memory CD8 ϩ cells required class I molecules in the periphery, though not necessarily the positively selecting residing in the peripheral lymphoid organs undergo homeostatic regulation (1). However, this control can sometimes allele (4, 6) . In others, MHC molecules were not required for the survival of CD8 ϩ memory cells (7) . Likewise, naive CD4 ϩ be subverted-genetically, by infection, or due to artificial perturbations such as drugs or irradiation. It is important to T cells needed to encounter MHC class II molecules in the periphery in order to survive, even if they appeared to elucidate the factors regulating T cell homeostasis because this could suggest novel strategies to promote population disappear significantly less quickly than CD8 ϩ T cells deprived of MHC class I molecules (8) (9) (10) ; survival required recovery in lymphopenic individuals or to maintain a vigorous immune system after involution of the thymus in older indithe positively selecting class II allele (11, 12) and expression of class II molecules on dendritic cells sufficed (13) . Again, viduals.
Another equilibrium that the immune system needs to there is controversy over the MHC dependency of memory cells. Although it is generally agreed that the positively maintain is that between naive and memory lymphocytes. The continuous arrival in the periphery of T cells newly produced selecting class II allele is not required, it has been reported that memory CD4 ϩ T cells need just any (14) or no (15) class in the thymus should not compromise the memory pool, preselected to make a fast, effective response to already II molecules.
Other factors thought to be involved in T cell survival are encountered antigens; and successive infections should not diminish the diversity of the naive pool, ready to mount a cytokines. There seems to be a consensus that IL-15 is important for maintenance of the memory CD8 ϩ T cell comprimary response against new challenges. At least for the CD8 ϩ T lymphocyte compartment, the homeostatic regulation partment (16) (17) (18) (19) (20) . Most of the results obtained on naive T lymphocytes derive from in vitro studies. IL-4 was able to of naive cells is independent of that of memory cells (2,3); it is not known whether the same is true of the CD4 ϩ lymphocyte rescue naive T cells from the rapid apoptosis they normally undergo in culture (21-23); IL-6 could rescue murine (24) but compartment.
Some factors are already known to be important for the not human (21) T cells; IL-7, which plays a crucial role in early thymocyte differentiation (25,26), was also an important peripheral survival of T lymphocytes. Chief amongst these are MHC molecules. Naive CD8 ϩ T cells disappeared very T cell survival factor in culture (21) (22) (23) (27) (28) (29) . One in vivo study showed that at least one of the cytokines whose receptor quickly in an environment deprived of MHC class I molecules or in one expressing a class I allele different from that uses the common γ chain was necessary for the survival of naive but not memory CD4 ϩ T cells (30) . The only other two responsible for positive selection in the thymus (4, 5) . The data are more controversial for memory CD8 ϩ T cells. In in vivo studies have reported contradictory findings. In the first case, depletion of IL-7 or -4 alone did not affect the survival of naive cells, but removal of both led to their rapid disappearance (12) . In the second, depletion of IL-7 alone had a significant influence (31) . Here, we have addressed the role of IL-4, -6 and -7 in vivo. We have studied polyclonal populations of both CD4 ϩ and CD8 ϩ T cells, and have monitored population decay after thymectomizing anti-cytokine mAb-treated and/or cytokinedeficient mice. Our results highlight the role of IL-7 in homeostasis of the naive T lymphocyte compartment, in particular of the CD4 ϩ population.
Methods

Mice
C57/Bl6 (B6) and B10.BR mice were bred and kept under specific-pathogen-free conditions or were purchased from the Jackson Laboratories (Bar Harbor, ME); IL-4 0/0 mice on the NOD genetic background were bred and kept under Thymectomies were performed as described (9) . In brief, 4-to 7-week-old mice were anesthetized and immobilized faceup. The skin was opened with a short longitudinal incision from the apex of the mandibular to the middle of the sternum Flow cytometry and population analyses and was pushed sideways to free the rib-cage. The submandiSingle-cell suspensions from lymph nodes were stained with bular salivary glands were displaced towards the head of the mAb of the following specificities: anti-CD4-phycoerythrin animal. One blade of a blunt pair of scissors was inserted (PE) (Caltag, Le Perray en Yvelines, France), anti-CD8-TriColor into the rib-cage from the suprasternal notch such that the (Caltag), anti-CD44-biotin (PharMingen, San Diego, CA), tip of the scissor reached the second rib. A sharp, upward anti-CD25-biotin (PharMingen), and anti-CD69-biotin (PharMmovement was made as the manubrium was snipped open.
ingen) revealed by Red 613-streptavidin (Gibco/BRL, A small opening was made in the pleura. Both thymic lobes Gaithersburg, MD); anti-CD62L-FITC (Mel14), anti-V α 2 were extracted with curved narrow forceps.
(B20.1), anti-V β 4 (KT4.10), anti-V β 6 (44.22.1) and anti-V β 8 (KJ16) revealed by anti-rat Ig-FITC (Caltag). All mAb were Antibody treatment and lymph node sampling used at saturating quantities. mAb dilutions or cell washes The anti-IL-7 receptor (IL-7R) A7R34 hybridoma was a gift were done in FacsWash (PBS supplemented with 30 mM from Dr S. I. Nishikawa. Thymectomized mice were injected HEPES, 5% horse serum and 0.1% Na azide). Flow cytometry 3 times per week i.p. with 1 mg of purified A7R34 mAb (35) was performed on a Coulter (Hialeah, FL) Epics XL-MCL and or purified isotype-matched control antibody. Treatment was data stored as list mode for analysis. Analysis of list-mode started between 3 and 5 days after thymectomy.
files was performed on Expo II MFA software, generating dotTo follow the T cell population in individual animals, we plots or histograms. Live cells were gated on forward versus removed lymph nodes surgically, as described (9) . Four data side scatter profiles. points were obtained for each mouse: the first from the left
The number of cells per lymph node and the percentages inguinal lymph node at the time of thymectomy, then the right of CD4 ϩ and CD8 ϩ T cells were normalized according to the average of control points for each experiment. Briefly, for inguinal node, and then the left and right axillary nodes. 
Importance of IL-7
Because of the crucial role of IL-7 in the differentiation of thymocytes, it is problematic to use IL-7-deficient mice to each time-point of each experiment, the average of the control values was calculated and the value for each mouse at this study the role of this cytokine in the periphery. Instead, we thymectomized wild-type B6 or B10.BR animals, thereby time-point was divided by this average. This was done to account for the variability between inguinal and axillary lymph generating T cell compartments that had undergone normal differentiation but no longer underwent replenishment and nodes, and for the fluctuations between experiments.
injected them with the mAb A7R34, directed against the Isolation of CD4 ϩ T cells and Western blot analysis IL-7R and effective at blocking IL-7-IL-7R interactions. We monitored the decay of lymphocyte populations by counting CD4 ϩ cells were purified using a MoFlo cytometer. Cell suspensions from lymph nodes were stained with anti-CD4 cells in lymph nodes harvested after various times of treatment. The values reported in Fig. 1(A) were normalized on the mAb (Caltag) in DMEM without phenol red (Gibco, Grand Island, NY), complemented with 2% FCS, 50 mM β-mercaptoaverage of the control values for each time-point in order to account for variable cell numbers in inguinal versus axillary ethanol and 1 mM sodium pyruvate. CD4 ϩ cells were sorted using a MoFlo cytometer connected to an ice-cold waterbath lymph nodes and for experimental fluctuations. As we reported previously (9,10), cell numbers in the peripheral lymph nodes and cells were collected in the medium maintained on ice. Live cells were gated on forward versus side scatter profiles.
of untreated mice decreased only slightly over this time period (not shown), reflecting the long half-life of naive peripheral Purified CD4 ϩ cells were washed several times with icecold PBS and were lysed at~10 7 cells/ml in Laemmli loading lymphocytes. Cell numbers in animals treated with anti-IL-7R mAb declined much more rapidly. The observed half-life of buffer (62.5 mM Tris-HCl, pH 6.8, 0.72 M β-mercaptoethanol, 2% SDS, 7% glycerol and 0.1% bromophenol blue). Lysates between 2 and 3 weeks was reminiscent of that found for T cells in an MHC-deficient periphery (9,10). The proportions were resolved on 12% SDS-PAGE and then transferred to a PVDF membrane (Millipore, Bedford, MA). After transfer, of specific lymphocyte populations at different time-points indicated that the decrease in T lymphocytes did not account for the overall decrease in cell numbers, suggesting that B lymphocyte survival was also affected by anti-IL-7R treatment. The decrease was greater for CD4 ϩ than for CD8 ϩ T cells (Fig 1B) . This might be due to the higher sensitivity of CD4 ϩ naive cells to the lack of IL-7 (discussed below).
Phenotype of the surviving cells
To analyze the phenotype of the surviving lymphocytes, we stained the cells after 4 weeks of treatment. As illustrated in Fig. 2(A and B) , the CD8 ϩ T cell population from unmanipulated or control mAb-treated mice contained mainly naive cells, expressing CD62L but not CD44, CD25 or CD69. The phenotype of CD8 ϩ cells surviving the anti-IL-7R mAb treatment was essentially the same. The CD4 ϩ T cell population showed an increase in the proportion of activated/memory cells after control mAb injection, which was repeatably augmented after administration of anti-IL-7R mAb. This finding correlates with the fact that naive CD4 ϩ T cells show a slightly higher expression of IL-7R than activated/memory CD4 ϩ or CD8 ϩ cells (data not shown). MHC class II-deficient mice have a small CD4 ϩ T cell population with a special phenotype (36) . These cells look activated and use a restricted set of V α and V β segments in their TCR. We wondered whether the CD4 ϩ T cells that preferentially survived anti-IL-7R treatment represented this population. Thus, we stained them with mAb recognizing several individual V α or V β segments. No bias in the V α and V β usage by these cells was detected (data not shown).
Pathway of IL-7R signaling
In order to compare results on mice deprived of IL-7-IL-7R interactions with those previously obtained on MHC class IIdeficient animals (9,10), we focused on signaling changes in the CD4 ϩ T cell compartment.
The phenotypic defect in the thymus of mice incapable of IL-7-IL-7R interactions can be rescued by artificially expressing Bcl-2 (37, 38) , and the effect of removing IL-7R on in vitro T cell survival was linked to a decrease in Bcl-2 (38) or in Bcl-2 and Bcl-X L (23) expression. To determine whether Bcl-2 is also implicated in the IL-7R-mediated survival signal in vivo, we sorted CD4 ϩ T cells from peripheral lymphoid organs of mice treated for 2 weeks with anti-IL-7R or control mAb and performed Western blotting on lysates of these cells with antibodies directed against Bcl-2, Bcl-X, Bax or Bad. The amount of Bcl-2 was reduced~2-fold in the CD4 ϩ T cell compartment of mice treated with anti-IL-7R (Fig. 3) . We did not see any differences in levels of expression of Bcl-X, Bax CD3ζ (data not shown).
Role of IL-4 and IL-6
cytes deprived of these cytokines survive normally in the periphery of mice. The differentiation of T cells in IL-4 0/0 (33) and Finally, we also wanted to address the role of IL-4 and IL-6 in IL-6 0/0 (34) mice was shown to be normal, but one might argue peripheral T cell survival. Since the differentiation of T cells was that the physiology of these cells is still disturbed in a way that reported to be normal in both IL-4 0/0 (33) and IL-6 0/0 mice (34) , somehow trains them to survive without these factors. This we could just thymectomize these animals to obtain populations scenario cannot be formally ruled out. Another possible of T cells deprived of IL-4 or -6 in the absence of replenishment.
explanation for the differences observed in the in vivo and Lymph node cells were removed as above, and lymphocyte in vitro experiments is that the concentration of cytokines added populations counted and analyzed cytofluorimetrically. Figure  to the culture in vitro is higher than in vivo or that in vitro the 4(A and B) shows the evolution of lymph node cell numbers cytokines can replace some cell-cell interactions that occur normalized on the control average at different times after thyin vivo in the cytokine-deficient mice. mectomy. The cell numbers did not significantly decrease in Finally, it could be that other cytokines compensate for the IL-4 0/0 mice compared with those in control animals, actually lack of IL-4 or -6 in the cytokine-deficient mice. Boursalian and tending to be somewhat greater. No decrease in lymph node
Bottomly have suggested that IL-4 and -7 can compensate for cell numbers relative to control values was seen in IL-6 0/0 mice each other in vivo, and that only the depletion of both of them either. The proportions of the different T cell subpopulations has an effect on T cell survival (12) . The fact that these investigalso remained normal in these mice (data not shown).
ators did not see an effect when they blocked IL-7-IL-7R interSince some investigators could see an effect of double actions only is not really in conflict with our own results because depletion of IL-4 and IL-7 on the survival of naive lymphocytes, they only treated their mice for one week. We did treat thymectobut not single depletion of either one of these cytokines, we mized IL-4-deficient animals to see whether depletion of the wanted to see whether treating B6-IL-4 0/0 mice with anti-IL-7R two cytokines would have a stronger effect than just depriving mAb would have a stronger effect than treating standard B6 them of IL-7-IL-7R interactions. Lack of the two cytokines did mice. As indicated in Fig. 4(C) , the decrease in cell numbers not appear to have a more drastic effect. The divergent results observed with anti-IL-7R blockade was not any greater in the with the two systems could be related to the fact that the Bourabsence of IL-4.
salian and Bottomly study used TCR transgenic mice. The Discussion T cell population we monitored was polyclonal and one can imagine that cells displaying different specificities, especially The crucial role of IL-7 in thymocyte differentiation complicates an assessment of its role in peripheral T lymphocyte survival.
a very restricted versus a diverse set, might have different needs. This could be the case, for example, if the MHC molecSeveral reports have suggested that preventing IL-7-IL-7R interactions may perturb T cell homeostasis in the peripheral ule-mediated and cytokine-mediated signals are somehow linked. All cells might require a certain level of survival signal, lymphoid organs (35, 39, 40) , but the maturation of T cells was disturbed in these studies and this might have been the root of which could be provided either via MHC molecules or IL-7. Different TCR-MHC affinities would, then, need to be supany differences in survival that were observed. In the system we have studied, T cells differentiate in a normal thymic environplanted more or less by the cytokine-mediated signal. It may be possible to resolve this issue by monitoring T cell decline in ment and thymectomy prevents the subsequent arrival of new T cells in the periphery. We observed a clear decrease in the the periphery of mice in the absence of both types of signal. The fact that phosphorylation of the CD3ζ chain was not affected number of T cells in the lymph nodes when IL-7-IL-7R interactions were prevented. B cell numbers seemed affected too, by the anti-IL-7R treatment suggests that at least the initial signaling steps are different for these two factors, but the casbut we did not determine the extent to which this was due to a survival defect versus a defect in renewal from the bone marrow, cades might still interact downstream. given that IL-7 is known to play an important role in the differenti
